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Objective: To analyze the relationship between hematimetric variation and the presence of
clinical symptoms of hypoperfusion for indicating blood transfusion in patients undergoing
total  knee arthroplasty.
Methods:  A retrospective analysis was conducted on data gathered from the medical ﬁles of
55 patients with a diagnosis of gonarthrosis, who underwent total knee arthroplasty at a hos-
pital  orthopedics and traumatology service between February 2011 and December 2012. The
patients studied presented unilateral joint degeneration and ﬁtted into the indications for
surgical treatment. All the patients underwent a preoperative cardiological evaluation, pre-
senting a pattern of ASA I–III and absence of blood dyscrasia, and preoperative hemoglobin
measurements  were made. However, no minimum hematimetric value was established for
the surgical treatment; there were only clinical criteria for blood perfusion.
Results:  Among the 55 patients, 35 were female and 20 were male, and the mean age was
68  years. Six patients underwent homologous blood transfusion, because of their clinical
condition  of tissue hypoperfusion, persistent hypotension, loss of consciousness, sweating
and  coercible vomiting. They presented postoperative hemoglobin of 7.5–8.8 g/dL.
Conclusion: For patients with falls in hemoglobin counts greater than 20% and values lower
than  9 g/dL after the surgery, there is a possible need for blood transfusion, which should
only  be indicated when accompanied by major symptoms of tissue hypoperfusion.© 2014 Sociedade Brasileira de Ortopedia e Traumatologia. Published by Elsevier Editora
Ltda.  
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Artroplastia  total  do  joelho:  indicac¸ão  de  transfusão  sanguínea  de  acordo
com  a  variac¸ão  hematimétrica  e  os  sintomas  clínicos  de  hipoperfusão
Palavras-chave:
Hemoglobina
Perda sanguínea cirúrgica
Articulac¸ões
Artroplastia
Hipovolemia
r  e  s  u  m  o
Objetivo: Analisar a relac¸ão  entre a variac¸ão  hematimétrica e a presenc¸a  de sintomas clíni-
cos de hipoperfusão para a indicac¸ão  de transfusão sanguínea em pacientes submetidos a
artroplastia total do joelho.
Métodos: Fez-se uma análise retrospectiva dos dados coletados nos prontuários de 55
pacientes com diagnóstico de gonartrose submetidos a artroplastia unilateral total do joelho
feita pelo servic¸o  de ortopedia e traumatologia de um hospital de fevereiro de 2011 a dezem-
bro de 2012. Os pacientes estudados apresentaram degenerac¸ão  articular unilateral e se
enquadraram na indicac¸ão  para o tratamento cirúrgico. Todos foram submetidos a avaliac¸ão
pré-operatória  cardiológica e manteve-se um padrão correspondente a ASA-I até III, ausên-
cia de discrasia sanguínea e mensurac¸ão  de hemoglobina pré-operatória. Porém, não foi
estabelecido valor hematimétrico mínimo para o tratamento cirúrgico, apenas critérios
clínicos de perfusão sanguínea.
Resultados:  Dos 55 pacientes, 35 do sexo feminino e 20 do masculino, com média de 68 anos,
apenas seis foram submetidos a transfusão sanguínea homóloga, decorrente do quadro
clínico de hipoperfusão tecidual, hipotensão persistente, perda da consciência, sudorese e
vômitos coercíveis e apresentaram hemoglobina pós-operatória entre 7,5 e 8,8 g/dL.
Conclusão: Pacientes com queda acima de 20% na contagem de hemoglobina e valores abaixo
de 9 g/dL após a cirurgia sugerem uma possível necessidade de transfusão sanguínea, que
só deve ser indicada quando acompanhada de sintomas maiores de hipoperfusão tecidual.
©  2014 Sociedade Brasileira de Ortopedia e Traumatologia. Publicado por Elsevier
Editora  Ltda.  
mary  gonarthrosis with an indication for TKA, undergo a
preoperative  cardiological assessment, remain within cate-
gories  I–III of the American Society of Anesthesiology (ASA),
present  absence of blood dyscrasia and have preoperative
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Total knee arthroplasty (TKA) is one of the surgical procedures
most  indicated for treating osteoarthrosis,1 which is a disease
of  inﬂammatory and degenerative nature that causes destruc-
tion  of the knee joint cartilage and leads to joint deformity.2
TKA is an increasingly common procedure,3–6 but it is asso-
ciated  with major postoperative blood losses that may  reach
quantities  greater than or equal to 1.5 L. In such cases, trans-
fusion  becomes inevitable.7,8 The bleeding occurs mainly after
removal  of the tourniquet.9,10
It is understood that in cases of trauma and in large-
scale surgical procedures like TKA, in which there is acute
blood  loss, oxygenation is the main indicator regarding blood
volume  replacement. This is a decisive moment, at which
replacement should be performed using blood or blood com-
ponents,  rather than by means of acellular solutions alone.
Thus,  transfusions can be done using homologous blood
donated  by another person, or using autologous blood, in
which  the donor and recipient are the same person. In most
cases,  transfusion using homologous blood is done more
often.11
However, if the indications for transfusions are analyzed,
it  is seen that there is no consensus regarding what the mini-
mum  acceptable value for the hemoglobin level would be, for
adequate tissue perfusion to be maintained. Discrepant val-
ues  have been reported, ranging from levels as low as 1.8 g/dL
to  normal levels like 12 g/dL.12The present study had the aim of analyzing the relation-
ship between the hematimetric variation and the presenceof clinical symptoms of hypoperfusion, for indicating blood
transfusion in patients undergoing TKA.
Materials  and  methods
A retrospective analysis was  conducted on data gathered from
the  medical ﬁles of 55 patients who underwent unilateral TKA,
performed  at the orthopedics and traumatology service of a
hospital between February 2011 and December 2012. Among
these  patients, 35 (63.63%) were female and 20 (36.36%) were
male,  and the mean age was  68.3 years (range: 45–86), as can
be  seen in Fig. 1.
All  the procedures were performed by a team of surgeons
with experience of the surgical technique of unilateral TKA.
As  inclusion criteria, the patients needed to present pri-Fig. 1 – Number of cases according to gender.
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Table 1 – Number of patients according to the
postoperative hemoglobin assay value.
Postoperative hemoglobin (g/dL) Number of patients
>12 7
11–12  11
10–11  13
9–10  13
8–9  9
7–8  2
<7  0
Table 2 – Total number of patients and number of
transfused patients according to the percentage
decrease in hemoglobin level after the operation.
Decrease in
hemoglobin (%)
Total  number of
patients
Number  of
transfused patients
0–10 4 0
10–15 2 0
15–20 10 0
20–25 14 1
tal  confusion. The criteria of hematimetric variation were
not  determinants for the transfusions. However, in analyz-
ing  the values, we observed that all the transfused patients
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emoglobin measurements available. No minimum hemati-
etric  value was  established for the surgery: only clinical
riteria  for blood perfusion. Patients who were regularly using
edications  with the potential to alter their coagulation were
dvised  to suspend their use ten days before the surgical
ntervention, and all of the patients presented normal coag-
lograms  on the day of the procedure. Any intraoperative or
ostoperative  complication was  considered to be an exclusion
riterion.
The  antibiotic cefazolin was  used as a single dose of 1 g
ntravenously, to induce anesthesia. Prevention of venous
hromboembolism followed the guidance of the venous
hromboembolism prevention committee, with subcutaneous
dministration of 40 mg of enoxaparin per day, starting 6 h
fter  onset of the anesthetic block and continuing for ten days.
n  all the patients, the anesthesia consisted of a locoregional
lock and the criterion for transoperative and immediate
ostoperative volume replacement was  restrictive, compris-
ng  crystalloid infusion at the rate of 10 mL/kg/h. Asepsis and
ntisepsis  were performed, with application of speciﬁc topical
olutions,  and placement of appropriate surgical ﬁelds.
During  the surgical procedure, a pneumatic tourniquet
ith a pressure of 375 mmHg  was  used. This was  positioned
t  the root of the thigh, which was  protected with orthopedic
otton  wool and a crepe bandage. The conventional technique
or  total knee arthroplasty was  followed, by means of a median
ccess  route and medial parapatellar arthrotomy, eversion of
he  patella, disturbance of the knee extensor mechanism, joint
islocation  and extensive violation of the soft tissues sur-
ounding  the joint.13–15 All the patients received a cemented
rosthesis, which is used more  frequently for technical and
conomic  reasons.16
After the pneumatic tourniquet had been released,
emostasis was  performed and a one-way vacuum suction
rain  was  placed inside the joint, with its outlet in the lateral
istal  region of the femur. Suturing was  performed in layers,
ith  complete ﬂexion–extension movements made after clos-
ng  each layer. Dressings were  applied from the inguinal region
o  the foot, consisting of successive layers of compressive ban-
ages and orthopedic cotton wool, followed by a plaster-cast
plint  extending from the inguinal region to the malleolus.
Volume replacement with crystalloids was  performed in
he  ward, with observance of a ration of 3:1 for the blood losses
ollected  through the vacuum drain and the estimated daily
oss  into the dressings. Hemoglobin control was  applied 24 h
fter the end of the surgical procedure, given that this is the
deal  time, since it corresponds to the time of greater volume
rained  through the drain collector system. After this time,
he  volume becomes insigniﬁcant.17
The length of hospital stay was  three days. Isometric and
sotonic  exercises were  performed on the entire lower limb,
eginning  on the ﬁrst postoperative day and continuing until
ischarge  from hospital. The aims were  to achieve active ﬂex-
on  of at least 90◦, complete extension and walking with partial
eight-bearing, with the aid of a walking frame.esults
n evaluating the hemoglobin levels after 24 h, it was  observed
hat  the mean loss was  3.33 g/dL (24.78%), with a range from 0.525–30 12 1
30–35 4 1
to 6.3 g/dL. The postoperative hemoglobin assay ranged from
7.5  to 12.7 g/dL, and most of the patients (67.27%) presented
levels  between 9 and 12 g/dL (Table 1).
To  view the data presented in Table 1 better, a histogram of
frequencies  of numbers of patients was  constructed according
to  the postoperative hemoglobin assay values (Fig. 2).
The  percentage reduction in hemoglobin level ranged from
5.55%  to 40.91%. Most of the patients (36) presented a decline,
which  ranged from 15% to 30%. All the patients who received
transfusions presented percentages greater than 20%. How-
ever,  39 patients presented percentage losses greater than
20%  and only six (15.38%) received transfusions, as shown in
Table  2.
The  total number of patients and number of transfused
patients according to the percentage decline in hemoglobin
levels after the operation can be seen in Fig. 3.
Six patients (10.9%) underwent exclusively homologous
blood transfusion, because they presented symptoms of tis-
sue  hypoperfusion, such as persistent hypotension, loss of
consciousness, cold sweating, coercible vomiting and men-Postoperative hemoglobin (g/dL)
Fig. 2 – Number of patients according to the postoperative
hemoglobin assay values.
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Fig. 3 – Total number of patients and number of transfused patients according to the percentage decrease in hemoglobin
value after the operation.
presented postoperative hemoglobin counts that ranged from
7.5 to 8.8 g/dL (Table 3). It should be emphasized that other
patients  with postoperative hemoglobin counts lower than
8.8  g/dL did not have the need for transfusion, since they did
not  present clinical symptoms of hypoperfusion (Table 1).
Discharge from hospital was  delayed by one day for the
patients  who  underwent transfusions. However, no other
complications were  observed.
The  behavior of the patients who underwent blood trans-
fusion,  regarding their pre and postoperative hemoglobin
levels and the percentage reductions, can be seen better in
Fig.  4.
Discussion
Blood loss during TKA may  lead patients to the need to
undergo  transfusion. However, there is no consensus in the
pertinent  literature regarding the indications for transfusion
according to hemoglobin levels.
It is worth recalling the observation made by Vuille-Lessard
et  al.18 that doctors do not have deﬁnitive indications or
support  guidelines for the need for blood transfusion after
orthopedic surgery, which ultimately results in a diversity of
levels  used in transfusion practice.
In analyzing blood management in patients undergoing
total knee or hip arthroplasty, Bierbaum et al.19 stated that
their  study was  the ﬁrst to prospectively assess the role of
Table 3 – Pre and postoperative hemoglobin levels and percenta
transfusion.
Transfused patient Preoperative hemoglobin level (g/dL) Pos
A 12.6 
B 12.7 
C 12.8 
D 10.9 
E 11.7 
F 13.1 hemoglobin according to its levels or speciﬁc categories. They
evaluated  the need for autologous or homologous transfusion
based  on the initial hemoglobin level. Patients whose pre-
operative  hemoglobin level was  13 g/dL or less would need
a  homologous blood transfusion, particularly those whose
initial  hemoglobin level was between 10 and 13 g/dL. Sub-
sequently, Billote et al.20 made a complete review of the
manuscript of Bierbaum et al.19 and disagreed with the origi-
nal  result, with the justiﬁcation that the category of patients
with  initial hemoglobin levels from 10 to 13 g/dL presented in
that study was  very broad, in that it mixed anemic and non-
anemic  elderly individuals and other eligible donors. Also in
Billote  et al.,20 Bierbaum et al. replied and stated that from
the  conceptual point of view, the interval of 10–13 g/dL in their
study  was  based on information from the World Health Orga-
nization  (WHO). Bierbaum et al.19 agreed with Billote et al.20
in stating that additional investigations of blood management
strategies in these surgical procedures were  necessary.
In  this regard, Ng et al.21 made reference to the studies
of Salido et al.22 and Hatzidakis et al.,23 and stated only that
patients with preoperative hemoglobin levels less than 13 g/dL
are  four to six times more  likely to need transfusion than are
patients  with hemoglobin levels between 13 and 15 g/dL and
15  times more  likely than those with a level of 15 g/dL.In the present study, it was  observed that among the
patients who underwent blood transfusion, only one of
them  presented a preoperative hemoglobin level lower than
11  g/dL, while the others (total of ﬁve) presented preoperative
ge decreases in patients who underwent blood
toperative hemoglobin level (g/dL) Decrease in hemoglobin (%)
7.50 40.47
7.60 40.16
8.20 35.94
8.20 24.77
8.40 28.20
8.80 32.82
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emoglobin levels between 12.6 and 13.1 g/dL. This was  not
he  decisive factor for indicating transfusion.
Regarding postoperative hemoglobin levels, in another
tudy24 on the use of tourniquets in TKA cases in two groups
f  patients (with and without a tourniquet), it was  reported
hat  two patients in each group underwent blood transfu-
ion  after the operation. One patient underwent transfusion
hen  a hemoglobin level of 8.3 g/dL was  presented, accompa-
ied  by tachycardia and mild dyspnea, while the other three
resented  low hemoglobin levels (7.2, 7.6 and 7.7 g/dL). The
ean  decrease in hemoglobin level for these four patients was
.1  g/dL.
In  the present study, it was  observed that all the trans-
used patients presented postoperative hemoglobin counts of
etween  7.5 and 8.8 g/dL. However, other patients with post-
perative  hemoglobin counts lower than 8.8 g/dL did not need
ransfusion,  given that they did not present clinical symptoms
f  hypoperfusion and the hematimetric variation criteria were
ot  determinant for the transfusions.
Other authors25 who studied transfusions of autologous
nd homologous blood in TKA surgery cases made com-
arisons through distributing the patients into two groups:
hose  who received homologous blood transfusions and those
ho  received autologous blood transfusions. They empha-
ized  that the indication for transfusion for both groups
as  when the patient presented a postoperative hemoglobin
evel  of 8.5 g/dL. They also pointed out that their study had
ome  limitations and explained that although the recom-
endation from local studies was  8.5 g/dL, this was  not
lways  followed by some surgeons, who  were  still reluc-
ant  to apply this because they thought that it was too
ow.
These  authors25 took the view that this was the expla-
ation for higher hemoglobin levels in the homologous
ransfusion group, which was  not seen in the autologous group
ecause  the protocol for this was  controlled by the technique
nd  the anesthesia by the anesthesiologist.
In the present study, the view taken was that, unlike in
he  cases of the above authors,25 the patients who underwent
omologous blood transfusion received this solely because decrease in patients who  underwent blood transfusion.
they presented symptoms of tissue hypoperfusion. The hema-
timetric  variation criteria were not determinants for the
transfusions.
In  a comparative study on blood transfusion practice in
elective  surgical procedures in three hospitals in France,
Vuille-Lessard et al.18 concluded that in general, the patients
received transfusions when they presented hemoglobin levels
of  between 7.5 and 8.0 g/dL. There were signiﬁcant differences
between the hospitals, regarding the distribution of the proce-
dures,  hemoglobin levels and blood losses, and also in relation
to  the decrease in hemoglobin levels and duration of this state.
These  authors stated that in 85% of the transfusions, only the
hemoglobin  level was envisaged.
In the present study, the majority of the patients (67.27%)
presented postoperative hemoglobin levels between 9 and
12  g/dL, and none of them required transfusion. However,
among the 11 patients with postoperative hemoglobin levels
lower  than 9 g/dL, six (54.54%) required transfusion. In other
words,  patients with hemoglobin levels lower than 9 g/dL fol-
lowing  TKA surgery presented twice as much  possibility of
needing  blood transfusion. This hemoglobin value was  shown
to  be a minimum threshold for possible transfusion, in relation
to  clinical symptoms.
Also  in the present study, the majority of the patients
(65.45%) presented percentage decreases in hemoglobin lev-
els  ranging from 15% to 30%. However, among the transfused
patients alone, the mean percentage was greater (33.84%),
with  a range from 24.77% to 40.47%.
In total, there were 39 patients with a change of more  than
20%,  but only 15.38% required transfusion. Thus, it seems
that  indicating blood replacement according to the percent-
age  hematimetric loss is not an appropriate criterion for use
in  clinical practice, since no standard that would or would not
justify  blood transfusion was  found.Conclusion
When patients present declines in hemoglobin count greater
than  20% and values lower than 9 g/dL after surgery, this
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suggests a possible need for blood transfusion, which should
only  be indicated when accompanied by greater symptoms of
tissue  hypoperfusion.
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